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Edge Effects on Tropical Bird Nest Predation in
Monteverde, Costa Rica
Kristin C. Young
Departments of Biology and Geology, Wittenberg University
_____________________________________________________________________________________

ABSTRACT
Disturbances to continuous forest such as roads or cleared patches of land often cause forest
fragmentation. Resulting tracts of forest are often too small to support populations of top predators. As a
result of this, mesopredators populations are left unchecked and increase to unnatural abundances. One
consequence of this is increased predation on tropical bird nests, which may put them at risk for
extinction. I constructed 120 artificial bird nests and placed two quail eggs in each nest. Nests were
situated along 12 transect lines that ran into the forest, perpendicular to a road in Monteverde, Costa Rica.
Predation was observed over a period of 27 days. Chi Squared Tests revealed that distance from the road
had no effect on predation levels (p > 0.05 at above ground level; p > 0.05 at ground level). However,
ground nests suffered significantly higher predation than did above ground nests (2-Way ANOVA; p <
0.0001). This study cannot conclude that an edge effect is present, but it suggests the possibility of an
increase in predator pressure from opportunistic mesopredators due to reductions in the populations of
higher trophic levels.

RESUMEN
Alteraciones en el bosque continuo como calles o tierra desmontada causan fragmentos en el bosque.
Estos fragmentos muchas veces son demasiado pequeños para suportar poblaciones de animales que
necesitan hábitats grandes para vivir y reproducirse. Los predadores medianos no tienen depredadores que
los coman y mantengan su nivel de población. Uno de esos depredadores medianos comen huevos de
pájaros y los pájaros tienden a desaparecer del área. Construí 120 nidos artificiales y puse dos huevitos de
codorniz en cada uno. Tuve 12 transeptos que fueron perpendiculares a una calle en Monteverde, Costa
Rica. El experimento duro 27 días desde el 23 de octubre hasta el 20 de noviembre de 1999. Pruebas de
Chi Cuadrado mostraron que la distancia no tuvo un efecto en el nivel de daño a los huevos. Sin embargo,
la posición del nido fue estadísticamente significante, los nidos que estaban en el suelo tenían más daño.
Este estudio no puede concluir que hay un efecto de alteraciones en el bosque, pero sugiere que hay más
presión en los depredadores intermedios a causa de la disminución en las poblaciones de depredadores
más grandes.

INTRODUCTION
Disturbances to a continuous forest, such as a road or cleared land, are encouraged by
agriculture, logging, management and forestry (Gates and Gysel 1978). Forest fragmentation is a
consequence of such disturbances, as is the isolation of a particular tract of land and thus the
creation of a habitat island. Habitat islands have an edge: an ecotone of change that has both
direct and indirect effects on the community (Meffe and Carroll 1994). Direct abiotic effects

include differences in relative humidity, light, and microclimatic changes such as increased
insulation and exposure to hotter, drier winds (Lovejoy et al. 1986). An important direct biotic
effect is the loss of top predators. This consequently results in the indirect effect of increased
population levels in the next lower trophic level. With their low population densities, tropical
birds and mammals are among the most susceptible taxonomic groups to forest fragmentation
(Wilcove et al. 1986)
Structurally diverse forest edges attract open-nesting passerines with mixed life form
habitats. Kendeigh et al. (1944) define mixed life form habitats as those containing open
canopies for singing and perching, and dense ground vegetation for nesting and feeding (Gates
and Gysel 1978). These Tropical passerines are attracted to the signals for good nesting sites,
cover and food availability, among others that exist near edges. However, a direct relationship
has been shown between these bird populations and the populations of their predators. Forest
edges may create a barrier to certain predators, and as a result these predators tend to move
parallel to the road (Gates and Gysel 1978). Smaller specialist predators are then packed in to the
fragmented area which results in increased predator pressure. Another negative effect of the edge
is the easy access granted to predators from neighboring habitats (Wilcove 1985). These are
predators that do not consider the edge a boundary but rather a pathway for easy access to the
forest interior. Thus, the edge acts as an “ecological trap” for passerines in search of a favorable
habitat; predators abound from all angles. The loss of these species, particularly those who act as
pollinators and/or dispersers, will result in the loss of dependent plants, further declines in bird
populations, and possibly other animals dependent on these food sources (Loiselle and Blake
1992).
Fragmentation poses a great threat not only to the survival of passerines, but also to
several non-passerine Tropical birds (i.e. parrots, large woodpeckers, and great potoos) which
require large tracts of rainforest to sustain viable breeding populations (Hilty 1994). Extinction
can occur as a direct cause of fragmentation when subsequent habitat patches are too small to
support particular species. As stated previously, mammals are often among the most susceptible
organisms to forest fragmentation. Specifically, top predators are among the first crucial faunal
elements to be lost (Terborgh 1992). Studies on Barro Colorado Island (BCI) have shown that
top predators were lost as a result of isolation. The loss of these predators meant a lack of
regulation on populations of smaller predators (i.e. coatimundi) on BCI. The abundance of these
smaller mesopredators consequently increased by an order of magnitude (Terborgh 1992). Edwin
Willis (1970) studied quail egg predation on BCI and found 15 times more predation on the
island than on the mainland of close proximity (Terborgh 1992).
The purpose of my study was to observe the effect a disturbance has on tropical bird nest
predation. I hypothesized that there would be a greater level of predation on artificial bird nests
situated closer to the road; distance from road and nest predation should be inversely related. I
assumed no difference between ground level and above ground level nests. I aimed to show that
certain disturbances, such as a road, create edge effects and thus cause higher predation rates
within the edge community.

MATERIALS AND METHODS
This study was conducted from 23 October to 20 November, 1999 in both the lower montane wet
forest and lower montane rain forest of Monteverde, Puntarenas Province, Costa Rica. The nest
structure that was most practical for this study, both for construction and observation with

minimal interference, was an open-nested cup constructed of thin wire (at the above ground level
only), dried moss, and a lining of leaves. According to Skutch, (1985) two is the prevailing
number of eggs found in Tropical passerine nests. As a result, each artificial nest used in my
study contained two quail eggs, used for their availability and approximation of bird egg size.
My study site was located along the clay access road to the TV Towers on Cerro Amigos.
Starting at an elevation of 1540 meters, 12 transects ran perpendicular to the road, 30 meters
apart. All transects were located on the same side of the road. I called two meters from the road a
distance of zero, and ran each transect 60 meters into the forest. Linear transects were run
perpendicular to the road using a compass direction. I placed two artificial nests at five sites
along each transect at 15 meter intervals. At each site, a ground nest was situated no more than
five meters from the transect, and on the opposite side a hanging nest was similarly situated at
0.5 to 1.5 meters distance above the ground. This pattern alternated from site to site along the
transect. Each transect had ten artificial nests (five at ground level and five at above ground
level), with a total of 120 nests across the 12 transects. Sites were marked with flagging tape and
labeled with both transect number and distance from the road. Flags were not placed close to nest
to minimize interference.
To observe predation, I walked six transects per day. Skutch (1985) suggests that one
visits study nests only as often as possible to minimize a trail of human scent along the transects.
With that in mind, I visited nests between 8:00 am and 1:00pm in the manner represented in
Table 1. At each site I recorded predation quantitatively (i.e. number of quail eggs missing), and
qualitatively (i.e. egg cracked open). Both egg predation (i.e. number of eggs preyed upon) and
nest predations (i.e. number of nests with either one or two eggs missing) were recorded. When
eggs were missing from a nest, the area around the nest was searched for egg remnants. In the
event that both eggs were missing in a particular nest, two fresh quail eggs were placed in the
nest in addition to an artificial clay egg. Clay eggs were constructed with similar coloration and
size to quail eggs. Clay eggs surrounded a strand of clear fishing line which was then tied at both
ends to the wire frame of the above ground nest. When these eggs were placed in ground nests, a
thin piece of wire was planted in the ground, concealed by the moss of the nest, and the fishing
line was tied at both ends to the metal wire. This was done to prevent removal of the clay egg by
predators. On subsequent visits to the site, a clay egg was collected if predation was evident (i.e.
scratch or bite marks) and marked with both date of collection and site location: distance from
road and position of nest.
On 9 November 1999, ten Sherman rodent traps were placed near ground nests on
transects three through seven at 15 and 30 meters. The next morning the traps were collected and
rodents captured were identified (see Results). The same process was repeated with eight traps
on transects nine through twelve on 16 November 1999. Traps were baited with one quail egg.

RESULTS
Percent predation was calculated per day for both egg predation and nest predation at ground
level and above ground level. Predation accumulated over the 27 day period at both nest
positions. Figure 1 shows egg predation and Figure 2 shows nest predation over the 27 day
period. Data were transformed to normal distribution using the formula ¹ = √ + 0.05 (Zar
1984). Figure 3 illustrates the significant difference found between the predation means on nests
at ground level and above ground level (2 Way ANOVA: p < 0.0001). Means and standard error

for these tests are shown in Table 2. There was no significant difference between position and
time (2 Way ANOVA: p = 0.1450).
Figure 4 shows the significant difference in the predation means on eggs at ground level
and above ground level (2-Way ANOVA: p < 0.0001). Means and standard error are shown in
Table 2. There was no significant difference between position and (2-Way ANOVA: p =
0.2359).
At day 27, distance for neither nest predation nor egg predation was statistically
significant (x² = .25 and x² = .57, respectively; df = 4; P > 0.05). At day 14 there was no
statistical significance (nest predation: x² = .75; egg predation: x² = 1.73; df = 4; P > 0.05). Thus,
distance from the road was not statistically significant.
On 10 November 1999, two of the three rodents captured with Sherman traps were
identified as Montane Rice Rats: Oryzomys albigularis and one was a Mexican Deer Mouse:
Peromyscus mexicanus (ten traps total). On 17 November 1999, one Montane Rice Rat:
Oryzomys albigularis was captured (eight traps total) (Reid 1997).
Clay eggs were collected from nests once both accompanying quail eggs were preyed
upon. Dental formulas were used to identify impressions made by predators (Emmons 1990 and
Reid 1997). A total of 36 clay eggs were used in this study. Figure 5 shows the identified
predators, rodents comprised the largest proportion of predators (33%). The markings of two
clay eggs (6%) were identified as those of an opossum. Montane opossum species in Costa Rica
are Didelphis marsupialis, D. virginiana, Marmosa mexicana, Marmosops impavidus, and
Caluromys derbianus (Reid 1997). One clay egg (3%) showed dental markings of a larger
animal, but the markings were not adequate for accurate identification. The egg was preyed upon
in a ground nest, thus a terrestrial animal must have been responsible for its predation.
Futhermore, the markings were fairly large and were most likely from an animal such as a coati,
raccoon, fox, or other animal with similar size and dental patterns. Finally, seven clay eggs
(19%) were stripped completely from the fishing line and found nowhere near the nest. Although
it is impossible to identify these predators they were most likely of considerable size, at least
larger than a rodent.

DISCUSSION
The clay access road in Monteverde is a disturbance to the previously continuous forest. The
trend I expected to find was higher predation on nests situated closer to the road due to an edge
effect created by the disturbance. The accumulation of predation over time shows that as the
number of day’s increases, the probability of predation increases. The probability increases
proportionally at the ground level, but somewhat disproportionately at the above ground level.
Therefore, the shorter the incubation period, the lower the risk of predation. Skutch (1985)
discussed the unexpected problem of slow incubation periods in areas of high predation
specifically the Tropics. This problem may be related to slower reproductive schedules; tropical
birds are slower to build nests, lay in them, and have longer incubation periods. For example,
tropical oilbirds have a prolonged nesting time with incubation lasting over a month (Kricher
1989). Since human disturbances are new in terms of evolutionary time, it is possible that
tropical birds have not adapted to elevated predator pressure in areas of disturbance.
A statistically significant difference was shown between ground level and above ground
level egg and nest predation. Ground level eggs and nests were consistently preyed upon more
frequently than above ground level eggs and nests. Wilcove’s study of nest predation showed

that ground nests were more susceptible to predation than above ground nests (Wilcove 1985). In
areas of high predation, a bird’s best defense against predation is to make nests inconspicuous
(Hilty 1994). Ground nests are more conspicuous to small terrestrial mammals who forage using
visual cues. The majority of the terrestrial animals identified to have been preying on the eggs in
my study forage using visual clues. Rodents forage both with visual and olfactory cues, but a
nest at a height of 0.5 – 1.5 meters would most likely be out of a rodent’s olfactory range. The
probability of a ground foraging animal encountering a ground nest is higher than encountering a
nest in the trees; a predator may have to climb a tree in order to find eggs in an above ground
nest.
Nest predation and egg predation showed similar trends over time and at both positions.
This suggests that if not simultaneously, eventually both eggs were taken from a nest. Two of
112 nests (1.7%) preyed upon had one egg missing on the final day of data collection. All other
preyed upon nests had both eggs missing. If a predator such as a rodent was too small to remove
both eggs at a time, it probably returned for the other egg at a later time. This would suggest that
a predator learns where the food source is and has the ability to orientate itself back to the nest at
a later time.
The fact that distance from the road was not statistically significant may mean different
things. One possibility is that the distance a bird places its nest in relation to a disturbance of the
magnitude used in this study has no effect on its vulnerability to predation. The other possibility
is that my transect length of 60 meters was not sufficient to show variation in predation as one
moves farther from the road. Studies by Andrén and Angelstam (1988) confirm increased egg
predation in areas of disturbance. Their studies show that edge effects can be present as far as
200-500 meters into the forest interior, and that edge effects at 50 meters are still great. Thus, it
is a possibility that the high percentage of total predation (98.3%: ground nests and 90%: above
ground nests) in my study showed the effect of the edge. That is to say, my entire study area was
encompassed in the edge, and if the study was repeated with a transect length of 1000 meters, the
inverse relationship between predation and distance from the edge may be found. These factors
all depend on which organism is being studied.
Dental markings on clay eggs revealed that the majority of the egg predators were
rodents. Sherman trap captures allowed me to identify a subset of these rodents to the species
level. Although other studies have shown that snakes pose the greatest threat to survival of
tropical bird nests (Skutch 1985), my study had no direct evidence of snake predation.
The population densities of egg predators at my study site may be changed by indirect
effects caused by the road. If the forest fragmentation that occurred as a result of the construction
of road caused a decline in top predators, the populations of rodents and other egg predators
would. This may cause declines in bird species, which would in turn affect populations of
dependent floral and faunal elements. In order to fully understand the effect of the road, further
studies must be done on animals in higher trophic levels and with transects running further
distances away from the road.
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